Background: Cytomegalovirus (CMV) is an opportunistic pathogen causing reactivation and disease in Systemic Lupus Erythematosus (SLE) patients. This study aims to systematically review the literature for risk factors associated with CMV disease in SLE patients, in order to identify those more susceptible to CMV infection during their treatment.
Introduction
Human cytomegalovirus (CMV), under the class of beta-herpesvirus, stays latent in an infected host throughout its life and is rarely reactivated to cause clinical illness. However, it is an important opportunistic pathogen causing morbidity and mortality in immunocompromised patients [1] . Across the world, the overall prevalence of CMV ranges from 40 to 100% [2] , and seropositivity for CMV is shown to be higher in SLE compared to the general population [3] .
CMV can manifest in various ways. CMV may remain undetected as a latent infection in immunocompetent hosts, or persist as asymptomatic low level CMV viremia. CMV dissemination and disease may present subtly with fever and lethargy, or a myriad of atypical manifestations, most commonly with respiratory or gastrointestinal symptoms and SLE flare-like presentations [4] . CMV disease subsequently leads to damage of multiple organ systems such as lung, liver, gastrointestinal tract and retina [5] . Greater CMV viral loads has been shown to correlate with increased risk of developing CMV disease in Human-immunodeficiency Virus (HIV) and transplant patients [6, 7] , but this has not been demonstrated conclusively in autoimmune disease patients.
Several studies and case reports have highlighted CMV reactivation, resulting in CMV antigenemia or disease, as a concern during treatment of rheumatic diseases, particularly SLE [8] [9] [10] [11] . This occurs as the treatment of SLE and autoimmune disease often involves chronic use of immunosuppressive therapy [12] , which is a potential risk factor for CMV infection and disease [8, [13] [14] [15] . This is of significant concern as aside from developing end-organ CMV disease as reported in aforementioned case reports, it can also lead to significant mortality. In a recently published retrospective 26-year review of death causes and pathogen analysis of SLE, infections, including cytomegalovirus, was amongst the top three most frequent causes of death in SLE patients [16] .
While there are few studies which looked at the clinical characteristics of CMV infection in patients with rheumatic diseases, there is no systematic review till date which comprehensively studies the risk factors of CMV disease in the SLE population. Our study thus aims to systematically review the literature for risk factors associated with CMV disease in patients with SLE.
Methods

Study design
A systematic review was conducted using the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA).
Studies in our review included patients diagnosed with SLE using the 1997 or 1982 American College of Rheumatology criteria [17, 18] . CMV disease was defined as positive CMV antigenemia assay with associated CMV clinical syndromes, with or without biopsy-proven CMV in organ tissue samples, either via a positive CMV culture or immunohistochemical staining, or a bronchoalveolar lavage fluid specimen with a positive CMV immunohistochemical staining or detection of CMV DNA via PCR [19] . We included primary studies which fulfilled the above definition of CMV disease [20] .
Identification and selection of studies
Literature search was conducted on PubMed®, Embase®, Cochrane Library and Web of Science®. The search was restricted to articles in English and in humans. The search strategy included MeSH terms and free text of related terms relating to risk factors (clinical characteristic, rate, association, burden), SLE (lupus, systemic lupus erythematosus), CMV (cytomegalovirus), disease and infection (reactivation, infection, transmission). Further hand searches were conducted using references of related articles. The start date of the search was unrestricted and end date was till May 2017. Two authors, Kwan YH and Cher WQ independently reviewed the articles and applied the inclusion criteria. Disagreements were resolved through discussion or by a third reviewer (Choo HMC) if necessary.
Inclusion and exclusion
This systematic review included peer-reviewed publications of both randomized controlled trials and observational data. Observational data included quantitative epidemiological studies and all forms of cohort, case control and cross-sectional studies.
We excluded studies not written in English, not concerned with human subjects, case reports, case series (N ≤ 10), systematic reviews and meta-analyses and grey literature such as opinion pieces, editorial letters, abstracts, comments, conference proceedings and reviews that were not systematic.
Data extraction
Evidence related to cytomegalovirus disease in SLE patients were included. Relevant data including author, year of publication, type of study, country, duration, study size, patient demographics, type of medications (steroids and immuno-suppressants), duration and severity of autoimmune disease were extracted.
Methodological data quality assessment
The quality of the studies included was appraised by two independent reviewers (Cher WQ, Choo HMC) using the criteria proposed by the HTA KMET (Standard Quality Assessment Criteria for Evaluating Primary Research Papers from a Variety of Fields) [21] . This tool was chosen because it captures the range in methodological quality and risk of bias across both qualitative and quantitative studies. The two reviewers applied a 14-item checklist for quantitative studies and a 10-item checklist for qualitative studies to assess study quality. The score helps to objectively quantify the quality of each study by taking the observed agreement score between two independent reviewers with maximum score of 1.0 (100%) with higher scores given to studies with better study design and accuracy of data. We did not exclude any studies from our review based on quality.
Results
We reviewed 344 distinct titles and excluded 110 based on title screening. We assessed 234 potentially relevant abstracts and downloaded 126 full text articles. 2 studies were included in qualitative synthesis (Fig. 1) . Reasons for exclusion of reviewed articles were included in Additional file 1: Table S1 .
Among the total of 90 SLE patients across the primary studies, most were females (range from 77.7 to 81%), age ranging from 31.7 to 52.0 years. Both were cross-sectional studies. W. P Tsai (2012)'s study included 38 SLE patients while Yu and Li et al. (2016)'s study included patients with different rheumatological diseases, of which 52 out of 142 (37%) were SLE patients.
Reporting of study quality
Both primary studies had a quality score of more than 0.75 (Table 1) . Inter-rater agreement for the primary studies were largely similar and discrepancies were discussed between the two reviewers until consensus was reached.
Predictors for CMV disease
The risk factors for CMV disease in rheumatic disease patients are reported in Table 2 . /L respectively, p < 0.05] [22] . Receiver Operating Characteristic (ROC) curve analysis indicated that when CD 4+ T cell count was < 0.39 × 10 9 /L, patients with rheumatic diseases were at high risk for symptomatic CMV infection, with a sensitivity of 77.5% and specificity of 87.5%.
On the other hand, lymphocyte count was not significantly associated with CMV disease in W.P. Tsai et al. (2012) 
Elevated CMV viral loads
Yu and Li et al. (2016) found that the mean (S.D.) CMV DNA value was higher in the patients with CMV pneumonia compared to asymptomatic patients [3.68 (1.90) × 10 4 copies/ml vs 0.60 (0.35) × 10 4 copies/ml, respectively, p < 0.01] [22] . ROC curve analysis showed that a level of 1.75 × 10 4 copies/ml was the optimal threshold for prediction of CMV-associated symptoms, with a sensitivity of 84.9% and specificity of 98.6% [22] .
Treatment drugs
Both studies consistently reported higher corticosteroid doses being related with CMV disease. Yu and Li et al. (2016) noted that higher corticosteroid doses were correlated with CMV pneumonia [22] . The prednisolone dose was higher in the CMV pneumonia group compared to the asymptomatic group [median (range) 32(4-100) mg/day vs 20(1-50) mg/day, respectively, p < 0.010]. Similarly, the total prednisolone dose in the recent three months prior to diagnosis was higher in the CMV pneumonia group compared to the asymptomatic group [median (range) 2.8(0.1-9.0) g vs 1.8 (0.1-4.6) g, respectively, p < 0.01]. Likewise, in W.P. Tsai et al. (2012)'s study of 38 SLE patients, the CMV disease group received a higher prednisolone dose than the non-CMV disease group [mean (S.D.) 25.9 (17.1) mg/day vs 9.0 (4.1) mg/day, respectively, p = 0.006] [23] .
Apart from steroids, the use of other immunosuppressants were also associated with CMV disease. W.P. Tsai et al. (2012) noted a higher percentage of Azathioprine use 1 month prior to admission in the CMV disease group than the non-CMV disease group (7/20 cases vs 1/18, respectively, p = 0.045) [23] .
Similarly, Yu and Li et al. (2016) found that use of immunosuppressants was more common in the CMV pneumonia group than the asymptomatic group (79% vs 58%, p < 0.010). For instance, MMF and Cyclosporine A were more frequently used in patients who developed CMV pneumonia than asymptomatic patients (p < 0.050) [22] . 
Discussion
SLE is a chronic autoimmune disease which can be complicated by cytomegalovirus disease during its course but little attention has been given to investigate the factors that predispose SLE patients to this opportunistic infection. To the best of our knowledge, this is the first systematic review to explore the risk factors of developing CMV disease in SLE patients.
Elevated CMV viral loads has found to highly correlate with CMV disease. The presence of CMV antigen positive cells in bloodstream may reflect dissemination of CMV in host system, leading to potential CMV end-organ disease. In a study in bone marrow transplant patients, multivariate logistic regression analysis found that only elevated viral load remained a significant risk factor for CMV disease [24] . Similarly, in patients with Acquired-immune deficiency syndrome (AIDS), elevated levels of CMV antigenemia during follow-up was found to be associated with CMV disease [7] . In a cross-sectional study of 74 SLE PMNs by ROC curve analysis predicted that patients have a higher risk of developing CMV disease with a higher mortality rate [25] . Future research with larger sample size can be useful to determine a cut-off CMV antigenemia level that predicts development of CMV disease in SLE patients and this can subsequently guide management on use of prophylactic therapy against CMV disease based on CMV antigenemia levels. This practice of pre-emptive therapy has been adopted as standard of care in patients following hematopoietic stem cell transplantation cases with CMV antigenemia or CMV seropositivity [26] .
There are studies which have also looked at risk factors leading to elevated CMV viral load. In Fujimoto D. (2013)'s cross-sectional study on patients with autoimmune diseases, a multi-variate analysis conducted found that lymphopenia < 700 mm 3 , (OR 34.44, 95% CI 7.82-151.66, p = 0.001), SLE (OR 6.71, 95% CI 1.23-36.49, p = 0.028) and Polymyositis/Dermatomyositis (OR 10.62, 95% CI 1.41-79.77, p = 0.022) were significantly associated with elevated CMV viral load [27] .
Lymphocytes play a role in host cellular immune response against CMV, as seen in previous studies looking at human immunodeficiency virus (HIV) patients and stem cell transplant patients [28, 29] . Lymphopenia could thus suggest CMV reactivation, as CMV can lead to bone marrow suppression [19] .
The mechanism of action of SLE treatment drugs can also explain the process of CMV disease in SLE patients [30] . Cyclophosphamide suppresses lymphocyte proliferation and function, thus increasing the risk of CMV reactivation. Cyclophosphamide use was found to be a risk factor for the reactivation of CMV in glomerulonephritis patients [31] . While the mechanism of action of these immunosuppressive drugs used in treatment of SLE makes development of CMV infection highly probable, other considerations such as the immunosuppression dose, duration of treatment and combination therapy with other immunosuppressive drugs may play a bigger role in the pathogenesis of CMV infection and disease in SLE patients. These factors were not sufficiently explored in the primary studies, thus it remains inconclusive.
Of note, two studies which looked into use of mycophenolate mofetil (MMF) as a risk factor for CMV antigenaemia consistently reported positive association [22, 32] . In a recent small case series, 3 out of the 4 SLE patients with disseminated CMV infection had prior treatment with 3 g of MMF daily in addition to concurrent use of other immunosuppressive drugs [9] . In another randomized controlled trial comparing Everolimus to MMF in renal transplant patients found that viral infections, particularly CMV infection increased in the MMF group (20% in MMF group compared to 6-7% in Everolimus group, p = 0.0001) [33] . This shows that use of MMF can be associated with higher incidence of CMV infection, and care should be taken to monitor for CMV disease when using MMF.
Our systematic review has its limitations due to the intrinsic nature of the primary studies. Firstly, there are only a small number of studies relevant to our research question. The two primary studies were conducted in Taiwan and China, thus limiting the scope to Asian patients. Secondly, the studies did not consistently analyze all of the same factors and stopped at univariable analysis and did not proceed with a multi-variable logistic regression. Thirdly, the baseline characteristics of SLE patients were variable across studies, and one of the two studies grouped SLE patients together with other rheumatic diseases patients in its analysis. This is a limitation as certain rheumatic diseases may be more predisposed to development of CMV disease than others. Lastly, treatment regimens and drugs doses were not standardized across studies, due to the heterogenous mix of different rheumatological disease patients, thus it was difficult to draw meaningful conclusions about treatment drugs and their implication on development of CMV disease. Both studies are also cross-sectional studies, thus it only captures data at one time-point and we are unable to know if the SLE subjects in the study subsequently developed CMV disease at a later time point.
Conclusion
This systematic review identified high CMV viral loads, lymphopenia and and higher corticosteroid doses to be associated with development of CMV disease in patients with SLE. Overall quality of studies ranged from 0.75 to 0.82. As reflected from our systemic review, there are few studies that have looked into the risk factors of developing CMV disease in SLE patients despite its prevalence in the SLE population. Studies on the risk of different treatment drugs and regimes on development of CMV disease are also lacking and is a potential for future research. These will be needed before guidelines on surveillance and pre-emptive treatment of CMV infection in SLE patients can be developed.
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